(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP1 115 129 A2 



(12) 



EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

11.07.2001 Bulletin 2001/28 

(21) Application number: 00128610.3 

(22) Date of filing: 28.12.2000 



(51) IntCI/: H01G 4/30 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Ahiko, Taisuke, TDK-MCC Corporation 


MC NL PTSETR 


Yuri-gun, Akita-ken 018-0402 (JP) 


Designated Extension States: 


• Ishigara, Takaya, TDK Corporation 


AL LT LV MK RO SI 


Tokyo 103-8272 (JP) 


(30) Priority: 28.12.1999 JP 37482899 


(74) Representative: VOSSIUS & PARTNER 




Siebertstrasse 4 


(71 ) Applicant: TDK Corporation 


81675 Munchen (DE) 


Chuo-ku, Tokyo 103-8272 (JP) 





(54) Multilayer capacitor 

(57) A multilayer capacitor comprised of a capacitor 
body, a first internal electrode arranged therein, and a 
second internal electrode arranged below the first inter- 
nal electrode separated by a ceramic layer. The capac- 
itor body is provided with a first through-hole electrode 
passing through the second non-contact hole of the sec- 
ond internal electrode and electrically connected to the 
first internal electrode and a second through-hole elec- 
trode passing through the first non-contact hole of the 



first internal electrode and electrically connected to the 
second internal electrode in columnar shapes extending 
to intersect the internal electrodes. The first through- 
hole electrode is electrically connected to the first exter- 
nal electrodes arranged in island shapes at the upper 
and lower flat portions. The second through-hole elec- 
trode is electrically connected to the second external 
electrodes arranged in island shapes at the surfaces of 
the capacitor body. 
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Description 

[0001] The present invention relates to a multilayer capacitor designed to reduce the equivalent serial inductance 
(ESL), more particularly relates to a multilayer ceramic chip capacitor enabling three-dimensional mounting. 

5 [0002] Capacitors have conventionally been broadly used as one type of electronic device. Due to the demands for 
high density mounting etc. in recent years, compact multilayer ceramic chip capacitors have also come into use. 
[0003] A general multilayer ceramic chip capacitor has for example a capacitor body formed in a rectangular paral- 
lelopiped shape and internal electrodes alternately superposed to face each other inside the body. The internal elec- 
trodes are designed to be able to obtain an electrostatic capacity due to the ceramic layer positioned between them. 

10 The two ends of the capacitor body in the longitudinal direction are formed with terminal electrodes. These terminal 
electrodes are connected to the alternately arranged internal electrodes. The internal electrodes are connected to the 
terminal electrodes in an manner extending in a perpendicular direction. 

[0004] Further, known in the art are multilayer ceramic chip capacitors such as three-terminal through-hole type 
capacitors and flip-type capacitors which reduce the parasitic inductance and the ESL by means of the internal structure 

*5 and the arrangement of terminal electrodes. Even a multilayer ceramic chip capacitor reduced in ESL however has 
internal electrodes connected to the terminal electrodes in a form extending in the perpendicular direction. 
[0005] In recent years, the increase in the operating frequency accompanying higher speeds of operation of CPUs 
has meant that even multilayer ceramic chip capacitors lowered in ESL in use up to now sometimes have too large a 
parasitic inductance. Further, conventional multilayer ceramic chip capacitors have all been connected to the boards 

20 by soldering, so that the capacitors have had the defect that the inductances of the lands between devices ended up 
becoming larger. 

[0006] On the other hand, along with the increase in the operating frequency of CPUs, when the equivalent serial 
resistance (ESR) in an electronic device is large, the heat buildup of the electronic device itself becomes large and 
therefore the heat buildup becomes a problem. 

25 [0007] Note that as shown in Japanese Unexamined Patent Publication (Kokai) No. 6-275463, Japanese Unexam- 
ined Patent Publication (Kokai) No. 6-267790, and Japanese Unexamined Patent Publication (Kokai) No. 7-169649, 
multilayer through-hole type capacitor arrays having through-hole electrode structures have been proposed. In the 
capacitor arrays described in these publications, while through-hole type electrodes are disclosed, adjoining external 
electrodes are the same polarity (ground terminal is provided at the body end), the flows of currents at the through- 

30 hole terminals and ground terminals do not act to cancel each other out. so that there is the problem that reduction of 
the ESL is difficult. 

[0008] Further, the magnitude of the ESR of a capacitor having a through-hole electrode structure is determined by 
the width, length, and number of columnar internal electrodes due to the through-holes and the state of connection 
between the internal electrodes and external electrodes. Further, in general, columnar electrodes are easily roughened 
35 due to problems in production, therefore there is the defect that the junctions with the external electrodes become 
unstable and the ESR tends to become large. 

[0009] An object of the present invention is to provide a multilayer capacitor designed to reduce the ESL even more 
and enable three-dimensional mounting. 

[0010] To achieve the object, the multilayer capacitor of the present invention comprises a planar first internal elec- 
40 trode arranged in a capacitor body formed by stacking dielectric layers; a planar second internal electrode arranged 
facing the first internal electrode separated by the dielectric layer in the capacitor body; a first through-hole electrode 
connected with said first internal electrode and passing through a second non-contact hole of said second internal 
electrode while extending to intersect both of the internal electrodes; a second through-hole electrode connected with 
said second internal electrode and passing through a first non-contact hole of said first internal electrode while extending 
45 to intersect both of the internal electrodes; first external electrodes connected to said first through-hole electrode and 
arranged in island shapes on two surfaces of the capacitor body; and second external electrodes connected to said 
second through-hole electrode and arranged in island shapes on two surfaces of the capacitor body. 
[001 1 ] According to the multilayer capacitor of the present invention , the first external electrodes and second external 
electrodes are arranged on flat portions forming surfaces of the capacitor body. The two types of the first and second 
50 through-hole electrodes connected respectively to the two types of internal electrodes extend in columnar shapes into 
the thickness direction of the body from the external electrodes. Further, these two types of through-hole electrodes 
alternately become positive and negative polarities at the time of carrying a current and act as electrodes for the two 
types of internal electrodes arranged in parallel in this capacitor. 

[0012] The multilayer capacitor according to the present invention is used as a smoothing capacitor for an IC power 
55 source. It is buried in a multilayer board of a three-dimensional structure for a microprocessing unit (MPU) and is 
connected from the top and bottom. Further, the IC power source has a Vcc terminal and aGND terminal. High frequency 
currents flow in opposite directions to lands arranged three-dimensionally in the board. 

[0013] Therefore, the magnetic fields cancel each other out due to the high frequency currents flowing in the opposite 
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directions, so that the loop inductance of the board is reduced. Further, there is naturally the effect that the lengths of 
the lands themselves become shorter due to making the board three-dimensional. 

[0014] On the other hand, inside the multilayer capacitor as well, two types of columnar through-hole electrodes 
provide the above three-dimensional effect of the magnetic fields canceling each other out due to the high frequency 

5 currents flowing in opposite directions. Further, since the positive and negative currents intersect two-dimensionally 
between the two types of internal electrodes, the parasitic inductance of the multilayer capacitor itself is sharply reduced. 
[0015] Due to the above, in the capacitor according to the present invention, the two types of through-hole electrodes 
are formed in columnar shapes and are connected alternately to the two types of internal electrodes, so that it is able 
to be mounted three-dimensionally on a board. Also, it is possible to reduce the loop inductance of the board itself 

10 three-dimensionally and reduce the parasitic inductance of the multilayer capacitor itself not only two-dimensionally, 
but also three-dimensionally by the effect of cancellation of the magnetic fields. 

[0016] In the present invention, preferably the first external electrodes and second external electrodes are arranged 
on the surfaces of the capacitor body so that the first external electrodes and the second external electrodes are next 
to each other and a plurality of lines of these external electrodes are arranged. In this case, since a plurality of first 

*5 external electrodes and second external electrodes are arranged next to each other, the effect of the magnetic fields 
canceling each other out due to the high frequency currents flowing in opposite directions is further enhanced. 
[0017] In the present invention, preferably the capacitor body is formed in a hexagonal shape; first terminal electrodes 
connected to said first internal electrode are formed at least at three side faces of the capacitor body; and second 
terminal electrodes connected to said second internal electrode are formed at least at three side faces of the capacitor 

20 body. 

[0018] In this case, lead electrodes of the facing internal electrodes are lead out alternately to at least three side 
faces. Further, in the same way as a conventional capacitor array with terminal electrodes arranged at the side faces, 
terminal electrodes are arranged at the side faces of the body and the internal electrodes led to the terminal electrodes 
are connected. Therefore, external electrodes and terminal electrodes are formed on all six faces of the multilayer 

25 capacitor made a rectangular parallelopiped and therefore not only three-dimensional mounting, but also two-dimen- 
sional mounting becomes possible. As a result, when supplying high frequency currents to the terminal electrodes so 
that the terminal electrodes of the side faces alternately become positive and negative and supplying high frequency 
currents to the two types of external electrodes to become alternately positive and negative, opposite currents flow to 
the columnar through-hole electrodes. Therefore, the currents intersect so that the two types of internal electrodes 

30 connected to the terminal electrodes and through-hole electrodes become positive and negative polarities and as a 
result the parasitic inductance further falls and the ESR and ESL can be further reduced. 

[0019] In the present invention, preferably the first through-hole electrode and the second through-hole electrode 
are formed by nickel or a nickel alloy. By using a shrink-resistant nickel-based metal with a low specific resistance as 
the material of the through-hole electrodes, it becomes possible to maintain good junctions with the internal electrodes 
35 and keep the ESR low. 

[0020] In the present invention, preferably the first internal electrode and the second internal electrode are formed 
by nickel or a nickel alloy. By making not only the material of the through-hole electrodes, but also the material of the 
internal electrodes a nickel-based metal, the junction property between the through-hole electrodes and the internal 
electrodes becomes higher and the ESR can be kept lower much more reliably. 
40 [0021] These and other objects and features of the present invention will be explained in further detail with reference 
to the attached drawings, in which: 

FIG. 1 is a sectional view of a multilayer ceramic chip capacitor according to a first embodiment of the present 
invention taken along the line l-l of FIG. 3; 
45 FIG. 2 is a perspective view of the multi layer ceramic ch ip capacitor according to the first embodiment of the present 

invention; 

FIG. 3 is a disassembled perspective view showing the plurality of ceramic green sheets and the shapes of the 
electrodes used in the process of production of the multilayer ceramic chip capacitor of the first embodiment; 
FIG. 4 is a sectional view of the state of use of the multilayer ceramic chip capacitor according to a modification 
50 of the first embodiment; 

FIG. 5 is a sectional view of a multilayer ceramic chip capacitor according to a second embodiment of the present 
invention taken along the line V-V of FIG. 7; 

FIG. 6 is a perspective view of the multilayer ceramic chip capacitor according to the second embodiment of the 
present invention; 

55 FIG. 7 is a disassembled perspective view showing the plurality of ceramic green sheets and the shapes of the 

electrodes used in the process of production of the multilayer ceramic chip capacitor of the second embodiment; 
FIG. 8 is a sectional view of the state of use of the multilayer ceramic chip capacitor according to the modification 
of the second embodiment; and 
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FIG. 9 is a disassembled perspective view showing the plurality of ceramic green sheets and the shapes of the 
electrodes used in the process of production of the multilayer ceramic chip capacitor according to another modi- 
fication of the second embodiment. 

5 First Embodiment 

[0022] Next, an explanation will be made of a first embodiment of a multilayer capacitor according to the present 
invention with reference to the drawings. 

[0023] The multilayer capacitor according to the first embodiment of the present invention, that is, the three-dimen- 
10 sionally mountable multilayer ceramic chip capacitor 1 0, is shown in FIG. 1 and FIG. 2. As shown in these figures, a 
multilayer ceramic chip capacitor 10 is comprised of a rectangular parallelepiped shaped sintered body obtained by 
stacking a plurality of ceramic green sheets for forming dielectric layers and firing the stack, that is, a capacitor body 12. 
[0024] A planar first internal electrode 14 is arranged at a certain height (thickness direction of body 12) position in 
the capacitor body 12. Similarly, a planar second internal electrode 16 is arranged under the first internal electrode 14 
*5 separated by a ceramic layer 1 2A in the capacitor body 12. Therefore, the first internal electrode 1 4 and second internal 
electrode 16 are arranged facing each other at a distance through the dielectric layer in the capacitor body 12. 
[0025] The centers of the first internal electrode 14 and second internal electrode 16 are arranged at substantially 
the same position as the center of the capacitor body 12. Further, the longitudinal and lateral dimensions of the first 
internal electrode 14 and the second internal electrode 16 are somewhat smaller than the corresponding lengths of 
20 the sides of the capacitor body 12, so that the ends of the first internal electrode 14 and second internal electrode 16 
are not exposed at the ends of the capacitor body 12. 

[0026] In the capacitor body 12, first through-hole electrodes 18 passing through second non-contact holes 34 of 
the second internal electrode 16 and electrically connected to the first internal electrode 14 and the second through- 
hole electrodes 20 passing through first non-contact holes 34 of the first internal electrode 1 4 and electrically connected 
25 to the second internal electrode 16 are provided in columnar shapes in forms extending perpendicularly intersecting 
these internal electrodes 1 4 and 1 6. Further, the internal electrodes 1 4 and 1 6 and the through-hole electrodes 1 8 and 
20 are formed by a nickel-based metal. 

[0027] As shown in FIG. 2, a first line is formed by having first through-hole electrodes 1 8 and second through-hole 
electrodes 20 alternately arranged two by two at the portion near the front of the capacitor body 1 2 in the illustration. 
30 A second line where first through-hole electrodes 1 8 and second through-hole electrodes 20 alternately arranged two 
by two parallel to the first line and in an opposite arrangement is similarly arranged at the portion near the rear of the 
capacitor body 12 adjoining the first line. 

[0028] These first through-hole electrodes 1 8 are electrically connected to first external electrodes 22 arranged in 
island shapes at the upper and lower flat portions 12B forming surfaces of the capacitor body 12. Further, these second 
35 through-hole electrodes 20 are electrically connected to second external electrodes 24 arranged in island shapes at 
the surfaces of the capacitor body 1 2. 

[0029] That is, a first line 26 is formed by having first external electrodes 22 and second external electrodes 24 
alternately arranged two by two at the portion near the front of the capacitor body 12 in the illustration. A second line 
28 where first external electrodes 22 and second external electrodes 24 are alternately arranged two by two parallel 
40 to the first line 26 and in an opposite arrangement to the first line 26 is similarly arranged at the portion near the rear 
of the capacitor body 12 adjoining the first line 26. Therefore, a plurality of lines of these external electrodes 22 and 
24 are alternately arranged in a zigzag form at the surfaces of the capacitor 12 so that the first external electrodes 22 
and the second external electrodes 24 are arranged adjoining each other. 

[0030] Next, an explanation will be made of the production of the multilayer ceramic chip capacitor 1 0 according to 

45 the present embodiment based on FIG. 3. 

[0031 ] First, at the time of production of the multilayer ceramic chip capacitor 1 0, a plurality of ceramic green sheets 
30A, 30B, 30C, and 30D comprised of dielectric materials functioning as capacitors are prepared. 
[0032] As shown in FIG. 3, the ceramic green sheet 30B is positioned below the ceramic green sheet 30A without 
electrodes printed or deposited on its upper surface. To form the first internal electrode 1 4 on this ceramic green sheet 

50 30B, for example a conductive paste is printed or deposited in accordance with the pattern of the first internal electrode 
14. 

[0033] Further, the ceramic green sheet 30C without electrodes printed or deposited on its upper surface is positioned 
below the ceramic green sheet 30B. The ceramic green sheet 30D is positioned below the ceramic green sheet 30C. 
To form the second internal electrode 16 on the upper surface of the ceramic green sheet 30D, a conductive paste is 
55 similarly printed or deposited in accordance with the pattern of the second internal electrode 16. 

[0034] These ceramic green sheets 30A, 30B, 30C, and 30D are provided with a total of eight through-holes 32 at 
the same positions. Further, the internal electrodes 14 and 1 6 of the ceramic green sheets 30B and 30D are alternately 
provided with non-contact holes 34 so as not to contact the through-holes 32. 
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[0035] That is, non-contact holes 34 coaxial with the through-holes 32 and of a diameter larger than these through- 
holes 32 are formed around the through-holes 32 at the far left and the third position from the left in the line arranged 
at the front side of the first internal electrode 14. Further, non-contact holes 34 coaxial with the through-holes 32 and 
of a diameter larger than these through-holes 32 are formed around the through-holes 32 at the second position from 
5 the left and the fourth position from the left in the line arranged at the rear side of the first internal electrode 1 4. Further, 
the second internal electrode 16 is formed with non-contact holes 34 in the same way as above around the through- 
holes 32 at positions corresponding to ones where non-contact holes 34 are not provided in the first internal electrode 
14. 

[0036] Further, the ceramic green sheets 30A, 30B. 30C, and 30D with rectangular planar shapes are stacked and 
10 fired together to obtain a capacitor body 12. A paste mainly comprised of nickel metal is then spread to connect the 
through-holes 32 with the locations without non-contact holes 34 of the internal electrodes 1 4 and 1 6. As a result, the 
first through-hole electrodes 1 8 and the second through-hole electrodes 20 are formed. 

[0037] Finally, the external electrodes 22 and 24 are formed at the two flat portions 1 2B of the capacitor body 1 2. At 
this time, it is possible to use plating or to use single metals such as Ag and Cu. Further, various types of external 
*5 electrodes 22 and 24 may be used depending on the method of connection to the board. 

[0038] Next, an explanation will be made of an example of use of the multilayer ceramic chip capacitor 10 using a 
modification of the above embodiment. 

[0039] The capacitor of this modified embodiment is structured with pairs of the first internal electrodes 1 4 and second 
internal electrodes 16, that is, a total of four internal electrodes 14 and 16, arranged alternately in the capacitor body 
20 12. The first through-hole electrodes 18 passing through the non-contact holes of the two second internal electrodes 
1 6 and electrically connected to the two first internal electrodes 1 4 and the second through-hole electrodes 20 passing 
through the non-contact holes of the two first internal electrodes 14 and electrically connected to the two second internal 
electrodes 16 are provided in columnar shapes in manners extending perpendicularly intersecting the internal elec- 
trodes 14 and 16. 

25 [0040] On the other hand, the arrangement of the first through-hole electrodes 18 and the second through-hole 
electrodes 20 and the arrangement of the first external electrodes 22 and the second external electrodes 24 are similar 
to those of the embodiment shown from FIG. 1 to FIG. 3, so explanations will be omitted. As shown in FIG. 4, however, 
the distance between the external electrodes 22 and 24 of the modified embodiment is made to match the distance 
between BGA terminals 52 of an MPU or other IC 50. 

30 [0041] The capacitor of this modified embodiment is a three-dimensional mountable type in the same way as the 
multilayer ceramic chip capacitor 10 shown from FIG. 1 to FIG. 3 and, from its product characteristics, is used in a 
manner buried in a multilayer board of a three-dimensional structure for an MPU shown in FIG. 4 as a smoothing 
capacitor for an IC power source. The IC power source hasanotshown Vcc terminal and GND terminal and is designed 
so that high frequency currents flow in opposite directions at the lands 56 and 58 arranged three-dimensionally in the 

35 board 54. 

[0042] As a result, the terminal Vcc and first external electrode 22 are connected through the land 56 and via-hole 
60, the GND terminal and second external electrode 24 are connected through the land 58 and the via-hole 62, and a 
high frequency current flows from the Vcc terminal and the GND terminal into the multilayer ceramic chip capacitor 1 0. 
[0043] Next, an explanation will be given of the action of the multilayer ceramic chip capacitor 1 0 according to the 
40 present embodiment. 

[0044] Planar first internal electrodes 14 and second internal electrodes 16 are arranged alternately facing each 
other separated by ceramic layers 1 2A inside a capacitor body 1 2 formed by stacking ceramic or other dielectric layers. 
Further, first through-hole electrodes 18 passing through non-contact holes of the second internal electrodes 16 and 
connected to the first internal electrodes 14 and second through-hole electrodes 20 passing through the non-contact 
45 holes of the first internal electrodes 14 and connected to the second internal electrodes 16 extend intersecting the 
internal electrodes 14 and 16. 

[0045] Further, the first external electrodes 22 connected to the first through-hole electrodes 18 and the second 
external electrodes 24 connected to the second through-hole electrodes 20 are arranged in island shapes at the two 
flat portions 1 2B of the capacitor body 1 2. 

so [0046] That is, four first external electrodes 22 and second external electrodes 24 are respectively arranged in a 
zigzag manner at the flat portions 12B forming the surfaces of the capacitor body 12. Further, two types of through- 
hole electrodes 1 8 and 20 each connected to one of the two types of internal electrodes 1 4 and 1 6 facing each other 
extend in columnar shapes from the external electrodes 22 and 24 in the thickness direction of the capacitor body 12. 
Further, these two types of through-hole electrodes 18 and 20 become alternately positive and negative polarities at 

55 the time of carrying a current and act as electrodes for the internal electrodes 14 and 16 arranged in parallel in this 
capacitor. 

[0047] Further, in the multilayer ceramic chip capacitor 1 0 according to the present embodiment, for example, since 
high frequency currents flow in opposite directions to the lands 56 and 58 used in the manner shown in FIG. 4 and 
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arranged three-dimensionally in the board 54, the magnetic fields cancel each other out due to the high frequency 
currents and the loop inductance of the board 54 is reduced. Further, there is naturally also the effect that the lengths 
of the lands 56 and 58 become shorter in the three-dimensional board 54. 

[0048] On the other hand, in the multilayer ceramic chip capacitor 1 0 as well, since two types of columnar through- 
5 hole electrodes 1 8 and 20 are provided, the above three-dimensional effect is generated of the magnetic fields canceling 
each other out by the high frequency currents flowing in opposite directions. Further, since positive and negative cur- 
rents intersect each other two-dimensionally between the two types of internal electrodes 14 and 16, the parasitic 
inductance of the multilayer ceramic chip capacitor 1 0 itself is sharply reduced. 

[0049] Due to the above, in the multilayer ceramic chip capacitor according to the present embodiment, the two types 
10 of through-hole electrodes 1 8 and 20 were made columnar and were alternately connected to the two types of internal 
electrodes 14 and 16, so that the capacitor was able to be mounted three-dimensionally. Therefore, the loop inductance 
of the board 54 itself can be reduced three-dimensionally and the parasitic inductance of the multilayer ceramic chip 
capacitor 1 0 can be reduced by the effect of the cancellation of the magnetic fields not only two-dimensionally ; but also 
three-dimensionally. 

*5 [0050] Note that in the past, columnar electrodes have been susceptible to roughening due to problems in production, 
so that the junctions with the external electrodes became unstable and the ESR easily became larger. Therefore, by 
making the diameter "D" of the through-hole electrodes 1 8 and 20 shown in FIG. 1 as large as possible and increasing 
the number of through-hole electrodes 18 and 20, it is possible to make the junctions more reliable and reduce the 
ESR. Here, the following Table 1 illustrates the values of the ESR in relation with the diameters "D" and numbers of 

20 the through-hole electrodes 18 and 20. Further, the data of Table 1 is that of the case where the thickness of the 
multilayer ceramic chip capacitor 10 is 0.5 mm. Table 1 shows the results. 



Table 1 



25 



30 



35 



40 



45 



Diameter D of through-hole electrode (|>im) 


Number 


ESR {mQ.) 


50 


8 


12to 14 


100 


8 


3 to 4 


150 


8 


1.3 to 1.5 


200 


8 


0.7 to 1.0 


250 


8 


0.4 to 0.6 


50 


4 


25 


100 


4 


6 


150 


4 


3 


200 


4 


1.5 


250 


4 


0.8 


50 


1 


100 


100 


1 


25 


150 


1 


11 


200 


1 


6 


250 


1 


4 



50 



[0051] Here, the degree of heat buildup differs according to the size or frequency of the multilayer ceramic chip 
capacitor 1 0, but when the multilayer capacitor becomes higher in clock frequency (for example, 1 GHz or more) and 
larger in current (20A or more), the ESR of the multilayer ceramic capacitor 1 0 itself preferably is made less than 1 m£2. 
[0052] Therefore, for example, the ESR is estimated by the following: 



55 



ESR= R+R(f) [Q.] 
R = p*(L/S)*(1/N) [Q] 



(1) 



where, 
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R: Resistance of internal electrode (Q.) 
R(f): Dielectric loss (Q.) (dependent on ceramic material) 
L: Length of through-hole electrode 
S: Sectional area of through hole 
5 N: Number of through holes 

p: Specific resistance of internal electrode (Q. • m) 

[0053] When the thickness of the multilayer ceramic chip capacitor is 0.5 mm, from Table 1 and the above equation 
(1), if the diameter "D" of the through- holes 18 and 20 is made 1 00 jxm or less so as to make the ESR 1 mQ or less, 

10 at least 24 through-hole electrodes 1 8 and 20 are necessary. If the diameter "D" of the through-hole electrodes 1 8 and 
20 is made 150 jam or less, at least 10 through-hole electrodes 18 and 20 are necessary. If the diameter "D" of the 
through-hole electrodes 18 and 20 is made 200 jim or less, at least eight through-hole electrodes 18 and 20 are 
necessary. Further, if the diameter "D" of the through-hole electrodes 1 8 and 20 is made 250 u.m or less, just four are 
enough. To make the ESL lower, however, the number of the through-hole electrodes 18 and 20 should be made 

*5 greater. Further, the distance "P" between the through-hole electrodes 1 8 and 20 could be made within 1 mm. 

[0054] When the thickness of the multilayer ceramic chip capacitor is a thin 0.25 mm, as shown in equation (1 ), the 
resistance value also becomes halved. In the case of a thickness of 0.5 mm, the number of through-holes or diameter 
(area) of the through-hole electrodes can be halved. 

[0055] Due to the above, from the relation between the number and diameter "D" of the through-hole electrodes 1 8 
20 and 20 and the ESR. the number of the through holes 1 8 and 20 is at least six considering the effect of the ESL. If the 
product thickness is more than 0.2 mm, a diameter "D" of at least 50 jam is necessary. Further, to keep the ESL low, 
a metal material with a small specific resistance and resistance to shrinkage is desirable as the internal electrodes 14 
and 1 6 and the through-hole electrodes 1 8 and 20. For example, nickel alone or a nickel alloy is suitable. 

25 Second Embodiment 

[0056] Next, an explanation will be given of a second embodiment of a multilayer capacitor according to the present 
invention based on FIG. 5 to FIG. 8. Members the same as members explained in the first embodiment are given the 
same reference numerals and overlapping explanations are omitted. 
30 [0057] The multilayer ceramic chip capacitor 1 0 according to the second embodiment of the present invention shown 
in FIG. 5 and FIG. 6 is structured to be a two-dimensionally to three-dimensionally mountable type able to be used 
mounted two-dimensionally or mounted three-dimensionally. 

[0058] That is, as shown in FIG. 7, the leads 1 4A are formed so that the first internal electrode 1 4 is led out to one 
location at the left side face of the ceramic green sheet 30B and led out to two locations each at the front side face 

35 and rear side face of the ceramic green sheet 30B. 

[0059] Further, the leads 1 6A are formed so that the second internal electrode 16 is led out to one location at the 
right side face of the ceramic green sheet 30D and led out to two locations each at the front side face and rear side 
face of the ceramic green sheet 30D at positions not overlapping the first internal electrode 14. 
[0060] That is, the internal electrodes 1 4 and 1 6 facing each other are formed with leads 1 4A and 1 6A in a manner 

40 inverted 180° from each other. These leads are respectively led out to the three side faces 12C of the hexagonal 
capacitor body 12. The three side faces 12C at which the leads 14A of the internal electrode 14 are led out and the 
three side faces 1 2C at which the leads 1 6A of the internal electrode 1 6 are led out overlap only at two side faces and 
do not overlap at one side face. 

[0061] Further, in the present embodiment, in the same way as the conventional capacitor array with terminal elec- 
45 trodes arranged atthe side faces, the firstterminal electrodes 40 connected to the leads 1 4A of the first internal electrode 
14 led out and the second terminal electrodes 42 connected to the leads 16A of the second internal electrode 16 led 
out are arranged at the four side faces 12C of the capacitor body 12. 

[0062] Due to the above, in the present embodiment, by forming not only the external electrodes 22 and 24, but also 
the terminal electrodes 40 and 42, the electrodes are arranged at all of the six faces of the multilayer ceramic chip 
50 capacitor 10 made a parallelopiped hexagonal shape. 

[0063] Next, an explanation will be given of an example of use of the multilayer ceramic chip capacitor 10 using a 
modification of the embodiment based on FIG. 8. 

[0064] As shown in FIG. 8 ; the capacitor of this modified embodiment is structured with pairs of the first internal 
electrodes 14 and the second internal electrodes 16, that is, a total of four internal electrodes 14 and 16, alternately 
55 arranged in the capacitor body 12. Further, the arrangement of the first through-hole electrodes 18 and second through- 
hole electrodes 20 and the arrangement of the first external electrodes 22 and the second external electrodes 24 are 
similar to the example shown in FIG. 5 to FIG. 7, so explanations are omitted. 

[0065] Further, the capacitor of the modified embodiment is a two-dimensionally and three-dimensionally mountable 
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type in the same way as the multilayer ceramic chip capacitor 10 shown in FIG. 5 to FIG. 7 and from the product 
characteristics is used in a form arranged on a multilayer board shown in FIG. 8 as a smoothing capacitor for an IC 
power source. That is, the multilayer ceramic chip capacitor 10 is arranged on the board 54 by not only connecting the 
terminal electrodes 40 and 42 of the side faces 12C to the board 54 through the junctions 44 by solder, but also 

5 connecting the external electrodes 22 and 24 of the bottom flat portion 12B to the lands 56 and 58. 

[0066] The IC power source has a not shown Vcc terminal and GND terminal. High frequency currents flow in opposite 
directions to the lands 56 and 58 arranged in the board 54 three-dimensionally. Further, the first external electrodes 
22 and first terminal electrodes 40 are connected to the Vcc terminal through the land 56 and the via-hole 60, while 
the second external electrodes 24 and second terminal electrodes 42 are connected to the GND terminal through the 

10 land 58 and via-hole 62. High frequency currents flow from the Vcc terminal and the GND terminal to the inside of the 
multilayer ceramic chip capacitor 10. 

[0067] Next, the action of the multilayer ceramic chip capacitor 10 according to the present embodiment will be 
explained. 

[0068] The present embodiment is structured similarly to the first embodiment. In the present embodiment, however, 
*5 the four side faces 12C of the capacitor body 12 formed in the hexagonal shape are each provided with the terminal 
electrodes 40 and 42. Further, the first internal electrodes 1 4 are connected to the first terminal electrodes 40 of three 
side faces 12C, while the second internal electrodes 16 are connected to the second terminal electrodes 42 of three 
side faces 12C including the remaining side face 12C. 

[0069] That is, the facing internal electrodes 14 and 16 are led out to the side faces 12C of the capacitor body 12 
20 with the internal electrodes 14 and 16 inverted for example 180°C from each other. Further, in the same way as the 
conventional capacitor array with terminal electrodes arranged at the side faces, the terminal electrodes 40 and 42 are 
arranged at the side faces 12C of the capacitor body 12 and the internal electrodes 14 and 16 which are led out are 
connected to the terminal electrodes 40 and 42. 

[0070] Due to the above, the external electrodes 22 and 24 and the terminal electrodes 40 and 42 are formed on 
25 the entire six faces of the rectangular parallelepiped multilayer ceramic chip capacitor 10 and can be mounted not only 
three-dimensionally, but also mounted two-dimensionally. As a result, when supplying high frequency currents to the 
terminal electrodes 40 and 42 so that the terminal electrodes 40 and 42 of the side faces 12C become alternately 
positive and negative and supplying high frequency currents to the two types of external electrodes 22 and 24 so that 
they become alternately positive and negative, currents of alternatingly opposite directions flow to the columnar 
30 through-hole electrodes 18 and 20, the currents intersect so that the internal electrodes 14 and 16 connected to the 
terminal electrodes 40 and 42 and the through-hole electrodes 1 8 and 20 become positive and negative polarities, and 
the parasitic inductance is further reduced as a result. 

[0071 ] Therefore, according to the present embodiment, since the terminal electrodes 40 and 42 are provided at the 
side faces 12C, the ESL can be further reduced from the multilayer ceramic chip capacitor 10 according to the first 
35 embodiment. 

[0072] On the other hand, by leading out the internal electrodes 14 and 16 in the side direction of the multilayer 
ceramic chip capacitor 1 0 as in the above embodiment, the ESR also can be made lower. That is, even if the number 
of the through-hole electrodes 1 8 and 20 is made not more than six as mentioned above and the diameter is not more 
than 50 jam, by leading out the internal electrodes 14 and 16 at the side faces 12C and connecting the internal electrodes 
40 14 and 16 to the terminal electrodes 40 and 42, it is possible to make the ESR not more than 1 mQ. In this case, the 
effect of the thickness of the product can be ignored. 

[0073] Further, in the second embodiment, the internal electrodes 14 and 16 facing each other are structured to be 
lead out to the three side faces 12C of the capacitor body 12, but, as shown in FIG. 9, the first internal electrodes 14 
and the second internal electrodes 1 6 may be connected to be lead out to the four side faces. 
45 [0074] Further, in the configuration of the second embodiment, since the loop inductance of the board tends to be- 
come large, the method of use should be determined by the size of the board and the arrangement of the devices. 
[0075] Note that the present invention is not limited to the above-mentioned embodiments and may be changed in 
various ways within the scope of the present invention. 

50 

Claims 

1 . A multilayer capacitor comprising: 

55 a planar first internal electrode arranged in a capacitor body formed by stacking dielectric layers; 

a planar second internal electrode arranged facing the first internal electrode separated by the dielectric layer 
in said capacitor body; 

a first through-hole electrode connected with said first internal electrode and passing through a second non- 
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contact hole of said second internal electrode while extending to intersect both of the internal electrodes; 
a second through-hole electrode connected with said second internal electrode and passing through a first 
non-contact hole of said first internal electrode while extending to intersect both of the internal electrodes; 
first external electrodes connected to said first through-hole electrode and arranged in island shapes on two 
surfaces of the capacitor body; and 

second external electrodes connected to said second through-hole electrode and arranged in island shapes 
on two surfaces of the capacitor body. 

The multilayer capacitor as set forth in claim 1 , wherein the first external electrodes and second external electrodes 
are arranged on the surfaces of the capacitor body so that the first external electrodes and the second external 
electrodes are next to each other and a plurality of lines of these external electrodes are arranged. 

The multilayer capacitor as set forth in claim 1 or 2, wherein: 

the capacitor body is formed in a hexagonal shape; 

first terminal electrodes connected to said first internal electrode are formed at least at three side faces of the 
capacitor body; and 

second terminal electrodes connected to said second internal electrode are formed at least at three side faces 
of the capacitor body. 

The multilayer capacitor as set forth in claim 1 , 2 or 3, wherein the first through-hole electrode and the second 
through-hole electrode are formed by nickel or a nickel alloy. 

The multilayer capacitor as set forth in claim 4, wherein the first internal electrode and the second internal electrode 
are formed by nickel or a nickel alloy. 

The capacitor as set forth in claim 1 , 2. 3, 4 or 5, wherein the thickness of the capacitor body is at least 0.2 mm, 
the diameter of the first and second through-hole electrodes is at least 50 urn, and the total number of first and 
second through-hole electrodes is at least six. 
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FIG. 2 
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FIG. 3 
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FIG. 6 
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FIG. 7 
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FIG. 9 
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